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TRACEBACK PROCESSOR FOR USE IN A
TRELLIS-CODED MODULATION DECODER

FIELD OF THE INVENTION

The present mmvention relates to a TCM decoder for
decoding signals encoded by a trellis-coded modulation
(TCM) scheme; and, more particularly, to a traceback pro-
cessor for decoding TCM data 1n both 8 state mode and 16

state mode with reduced number of elements.

DESCRIPTION OF THE PRIOR ART

Recently, there has been increasing interest in a certain
type of combined modulation and coding scheme, called
trellis-coded modulation(TCM), that can achieve a coding
cgain without any bandwidth expansion in a bandwidth-
limited channel. The TCM involves the use of a finite-state
encoder and a non-binary modulator. Therefore, as com-
pared with a conventional modulation, the TCM can achieve
net coding gains of 3 to 6 dB over an uncoded case, 1n the
presence of an additive white Gaussian noise(AWGN).

In a process implementing a concatenated coding by
connecting two different coders, €.g., an inner and an outer
coders, to enhance data reliability, a well known convolu-
tional encoder or a TCM encoder 1s used as the inner coder,
while a Reed-Solomon coder can be used as the outer coder.
The outer coder corrects errors which have not been rem-
edied at the mner coder to thereby minimize the rate of
errors. This concatenated coding technique achieves more
advanced implementation with a much less complex hard-
ware than a coding technique having only one coding
Process.

At a receiving end, the TCM data encoded by the inner
coder 1s decoded by a trellis decoder employing a Viterbi
algorithm. The ftrellis decoder 1s a maximum likelithood
decoder that provides a forward error correction. Trellis
decoding 1s used 1n decoding a sequence of encoded
symbols, e.g., a bit stream. The bit stream can represent
encoded information in telecommunication transmission
through various media with each set of bits representing a
symbol 1nstant. In the decoding process, the trellis decoder
works back through a sequence of possible bit sequences at
cach symbol mstant to determine which of the bit sequences
could most likely have been transmitted. The possible tran-
sitions from a bit at one symbol instant or state to a bit at a
next or subsequent symbol 1nstant or state are limited. Each
possible transition from one state to another can be shown
oraphically and defined as a branch.

A sequence of interconnected branches defines a path.
Each state can transit only to a limited number of next states
upon receiving a next bit in the bit stream. Thus, certain
paths survive during the decoding process and the other
paths do not. By eliminating those transition paths that are
not permissible, computational efficiency can be improved
in determining those paths most likely to survive. The trellis
decoder typically defines and calculates a branch metric
assoclated with each branch and employs this branch metric
to determine which paths will survive and which paths will
not.

A branch metric 1s calculated at each symbol instant for
cach possible branch. Each path has an associated metric, an
accumulated value, that 1s updated at each symbol 1nstant.
For each possible transition, the accumulated value for a
next state 1s obtained by selecting the smallest of the sums
of the branch metrics for different possible transitions and
the path metrics from the previous states.

While several paths may survive at transition from one
symbol 1nstant to a next symbol instant, there 1s only one
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2

path accumulated with a minimum value. A sequence of
symbol mstants 1s referred to as a traceback. The number of
symbol instants tracing back through the trellis that extends
a path with the minimum accumulated value defines the
length, or decoding depth D, of the traceback. The individual
state 1n the trellis associated with the minimum accumulated
value 1n a traceback is translated into most likely bits that
could have been transmitted in that symbol instant. The bits
are referred to as a decoded symbol.

Referring to FIG. 1, there 1s shown a schematic block
diagram of a conventional trellis decoder including a branch
metric calculation unit(BMU) 100, an add-compare-select
unit (ACS) 200, a path metric network(PMN) 300, and a

survivor memory unit(SMU) 400.

The branch metric calculation unit 100 receives a
sequence of transmitted symbols and calculates branch
metrics, 1.e., distances between branches associated with
cach state and the transmitted symbol. The branch metrics
are provided to the add-compare-select unit 200.

The add-compare-select unit 200 chooses a path having a
minimum path metric among the paths corresponding to
cach state. Specifically, the add-compare-select unit 200
adds the branch metrics provided from the branch metric
calculation unit 100 to corresponding previous path metrics
from the path metric network 300; and compares candidate
path metrics, 1.e., the sums of the branch metrics and the
corresponding previous path metrics with one another to
thereby choose a new path metric having a smallest value.
The selected path metric 1s provided to the path metric
network 300 as a new path metric for each state and
information for tracing back on the selected path 1s coupled
to the survivor memory unit 400.

The survivor memory unit 400 stores the information
from the add-compare-select unit 200 as the length of a
survivor path, 1.e., a decoding depth 1n order to decode the
transmitted symbols and outputs decoded data by tracing
back to the survivor path based on a traceback algorithm.

An exemplary trellis decoder having the above structure
1s a decoder used 1n a GA HD'TV receiving system proposed
by a Grand Alliance (GA). The GA HDTV transmission
system encodes data 1n an 8-level vestigial sideband modu-
lation (VSB) mode and transmits the coded data on a
frame-by-frame basis. The decoder in GA HDTV has two
different paths depending on whether a National Television
System Committee (NTSC) interference rejection filter is
used or not. If the NTSC interference rejection filter 1s not
used, a maximum likelihood response trellis decoder that
performs 8-state mode decoding for a real channel with the
AWGN 1s utilized only to restore input symbols. On the
other hand, in the event the NTSC interference rejection
filter 1s used, the output signals of the filter are changed from
8 to 15 levels according to the transfer function of the filter
and, therefore, a partial response trellis decoder which
performs 16 state mode decoding should be utilized.

The trellis coding has a strong characteristic against the
AWGN but a weak characteristic against a group error and,
therefore, nput symbols may be sequentially inputted to 12
trellis coding blocks which are connected in parallel so that
the input symbols may be 12 symbol intra-segment inter-
leaved. Since TCM codes have been mterleaved by a unit of
12 symbols at the trellis code interleaver of a GA HDTV
rece1ving system, the trellis code deinterleaver must imnvolve
12 number of trellis decoders connected 1n parallel 1n order
to deinterleave transmitted data. Accordingly, each of the
trellis decoders deinterleaves to decode every 12th symbol
sequentially inputted.
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Referring to FIG. 2, there 1s shown a block diagram of the
conventional survivor memory unit(SMU) 400, wherein the
SMU 400 includes a data delay processor 410 and a trace-
back processor 420. The data delay processor 410 receives
the determination vector DV1 of the survivor path for each
state from the add-compare-select(ACS) unit 200 to store
same therein and, after a delay for predetermined clocks,
provides the determination vectors DV1’s with a same index
among the saved determination vectors at a same time,
wherein an index 1 1s equal to an index of infra-segment
interleaved data.

The traceback processor 420 carries out both an optical
response ftraceback, 1.e., a maximum likelihood response
traceback, algorithm for the 8 state mode and a partial
response traceback algorithm for the 16 state mode by using
the determination vectors DV1’s fed from the data delay
processor 410 so as to obtain the 8 state mode symbol and
a 16 state mode symbol; and provides either the 8 state mode
symbol or the 16 state mode symbol based on a mode

selection signalMODE __SEL).

Referring to FIG. 3, there 15 1llustrated a block diagram of
a traceback processor 420 shown in FIG. 2, which 1s

disclosed 1n a copending commonly owned application, U.S.
Ser. No. 09/123,953, entitled “A TRACEBACK PROCES-

SOR FOR USE IN A TCM DECODER”. The traceback
processor 420 has an operation module 422 and a mode
selector 424. The operation module 422 contains a plurality
of processing modules 422-1 to 422-15 1n serial for calcu-
lating the decoded symbol by tracing back a determination
vector of either the 16 state mode for the partial response
channel or the 8 state mode for the maximum likelihood
response channel based on a mode selection (MODE__SEL)
signal as far as the decoding depth thereof. The mode

selector 424 provides either the 16 state mode symbol or the
8 state mode symbol based on the MODE__SEL signal.

If the MODE__SEL signal represents 16 state mode, the
operation module 422 traces back the determination vectors
of 16 state mode for the partial response channel as far as the
decoding depth 15 thercof. Each of the 14 processing
modules 422-1 to 422-14, e¢.g., a kth processing module
422-k, receives two elements [ X, {12(k-1)}, X,{12(k-1)}]
of a determination vector DVi{t—(k-1)} fed in parallel from
the data delay processor 410 shown 1n FIG. 2, and calculates
a previous state S(t—k) to be provided to the next processing
module, wherem k 1s an mteger between 1 and 14. The last
processing module 422-15 receives lower bits X, (12x14) of
a determination vector DVi(t-14) from the data delay pro-
cessor 410 and calculates the partial response decoded
symbol [ X,(t-=15), X,(t-15)] by the use of a previous state
S(t-14) and the lower bits X,(12x14) of the determination
vector DVi(t-14).

According to the traceback algorithm in the 16 state
mode, the previous state (S'5, S'5, S';, S') may be deter-
mined by a logical operation of the current state (S5, S,, S4,
S,) and the determination vector (X, X,) as follows:

(SI?:! SIEP SI1!SID)=(SB$X1! 81$SD; SE-‘J XD) Eq (1)

If the MODE__SEL signal represents 8 state mode, the
operation module 422 traces back the determination vectors
of 8 state mode for the maximum likelihood response
channel as far as the decoding depth 10 thereof. Each of the
9 processing modules 422-1 to 422-9, e.g., the kth process-
ing module 422-k, receives two elements [X,{12(k-1)},
X,112(k-1)}] of a determination vector DVi{t—(k-1)} fed
in parallel from the data delay processor 410 and calculates
a previous state S(t—k) to be provided to the next processing
module, wherein k 1s an integer between 1 and 9.
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The 10th processing module 422-10 receives lower bits
X,(12x9) of a determination vector DVi(t-9) from the data
delay processor and calculates the maximum likelihood
response decoded symbol (X,(t-10), X,(t-10)) by the use of
a previous state S(t-9) and the lower bits X,(12x9) of the
determination vector DVi(t-9). According to the traceback
algorithm in the 8 state mode, the previous state (S',, S',, S',)
may be determined by a logical operation of the current state
(S,,S,,S,) and the determination vector (X, X,) as follows:

(SIE: Sllz SID)=(SE$X1: XD$SD: Sl) Eq (2)

As 15 1llustrated above, 9 processing modules, 1.€., the 1st
processing module 422-1 to the 9th processing module
422-9, are implemented with a same structure and operation;
and 4 processing modules, 1.e., the 11th processing module
411-11 to the 14th processing module 411-14, are 1mple-
mented with another same structure and operation. Thus, 1t
1s required to eliminate the structural and operational redun-
dancy to thereby increase the efficiency of the traceback
processor 420.

SUMMARY OF THE INVENTION

It 1s, therefore, a primary object of the present invention
to provide a traceback processor for decoding trellis-coded
modulation data with a minimum number of processing
modules.

In accordance with the present invention, there 1s pro-
vided a traceback processor of a survivor memory unit for
use 1 a trellis-coded modulation decoder, wherein the
survivor memory unit includes a data delay processor and
the traceback processor, the data delay processor provides
determination vectors 1n parallel and the traceback processor
selectively provides one of an N1 and an N2 state mode
decoded symbols during M number of CONTROL signals,
a decoding depth corresponding to the N1 state mode
decoded symbol being D1, a decoding depth corresponding
to the N2 state mode decoded symbol being D2, N1 being
a positive mteger, N2 being an integer larger than N1, D1
being a positive integer, D2 being an integer larger than D1
and M beimng an integer larger than D2, the traceback
processor comprising: a first traceback module, based on an
ith CONTROL signal, for sequenfially selecting an 1ith
determination vector, iteratively calculating an N1 state
mode ith previous state by using an N1 state mode (1—1)st
previous state mode and the 1th determination vector and an
N2 state mode ith previous state by using an N2 state mode
(i—-1)st previous state and the ith determination vector, and
providing one of an N1 state mode (D1-1)st previous state
and an N2 state mode (D2-1)st previous state, based on a
mode selection signal, wherein 1 being an integer ranging
from 1 to (D1-1) and a Oth previous state being an arbitrary
state; a second traceback module, based on a (D1)th CON-
TROL signal, for providing the N1 state mode decoded
symbol and a N2 state mode (D1)th previous state, by using
the (D1-1)st previous state from the first traceback module
and the (D1)th determination vector; a third traceback
module, based on a jth CONTROL signal, for sequentially
selecting the jth determination vector, iteratively calculating
the N2 state mode jth previous state by using the (j—1)st
previous state and the jth determination vector, and provid-
ing a N2 state mode (D2-1)st previous state, j being an
integer ranging from (D1+1) to (D2-1); a fourth traceback
module, based on a (D2)th CONTROL signal, for providing
the N2 state mode decoded symbol by using the N2 state
mode (D2-1)st previous state and a (D2)th determination
vector; and a first mode selector, based on the mode selec-
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fion signal, for selectively providing one of the N1 state
mode decoded symbol from the second traceback module
and the N2 state mode decoded symbol from the fourth

traceback module.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given in conjunction with the
accompanying drawings, in which:

FIG. 1 shows a block diagram of a conventional trellis
decoder applied with a Viterb1 algorithm;

FIG. 2 describes a block diagram of a conventional
survivor memory unit(SMU) for use in 16/8 state mode;

FIG. 3 illustrates a conventional traceback processor
having 15 processing modules;

FIG. 4 provides a block diagram of a traceback processor
in accordance with the present invention; and

FIGS. 5A to 5D represent a detailed block diagram of
cach of the processing modules shown in FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A preferred embodiment of the present invention 1s 1llus-
trated for the design of a trellis decoder for decoding trellis
code data encoded according to a transmission specification

of the Grand Alliance High Definition Television (GA
HDTYV).

Referring to FIG. 4, there 1s 1llustrated a block diagram of
the traceback processor 500 1n accordance with a preferred
embodiment of the present invention, which comprises a
first traceback module 510, a second traceback module 530,
a third traceback module 550, a fourth traceback module 570
and a first mode selector 590. The decoding process 1s
performed based on 16 number of CONTROL signals,
wherein each CONTROL signal 1s 16 times faster than a
typical operational signal for the trellis decoder and the
CONTROL signal 1s not shown 1n FIGS. 4 and 5 for the sake
of simplicity.

The first traceback module 510 includes a first 9 input
multiplexor(MUX) 511, a second 9 input MUX 513, a first
processing module 515 and a first switch 517, and 1s
provided with 9 determination vectors, 1.e., DVi(t) to DVi
(t-8), wherein the DVi{t—(k-1)} has an upper element
X,112(k-1)} and a lower element X,{12(k-1)} and k is an
integer ranging from 1 to 9.

The first 9 mput MUX 511 sequentially provides upper
elements of the provided determination vectors, 1.e., X(0),
X(12), X(24), . . ., X,(96), to the first processing module
515; and the second 9 mnput MUX 513 sequentially provides
lower elements of the provided determination vectors, 1.e.,
X,(0), X,(12), X,(24), . . ., X,(96), to the first processing
module 5135.

At the kth the CONTROL signal, with k ranging from 1
to 9, the first and the second 9 mput MUX’s 511 and 513
respectively provide X,{12(k-1)} and X,{12(k-1)} to the
first processing module 515 and the first processing module
515 calculates a previous state S(t—k) based on the current
state S{t-(k-1)} and a determination vector
DVi{t—(k-1)}=[X,{12(k-1)}, X,;{12(k-1)}]. The detailed
structure and operation of the first processing module 515
will be 1llustrated later with reference to FIG. SA.

In the mean time, the first switch 517 feeds the previous
state S(t—k) from the first processing module 515 back to the
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6

first processing module 515 for the kth CONTROL signal,
with k ranging from 1 to 8; and provides the previous state
S(t-k) to the second traceback module 530 for the kth
CONTROL signal, with k being 9.

The second traceback module 530 is provided with S(t-9)
from the first switch 517, at the 9th CONTROL signal;
determines a maximum likelihood response decoded symbol
| X (t-10), X (t-10)] for the 8 state mode based on the
current state S(t—-9) and a determination vector DVi(108)=
| X,(108), X,(108)] to provide the [ X,(t-10), X (t-10)] to
the first mode selector 590; and calculates a previous state
S(t-10) based on the current state S(t-9) and a determination
vector DV1(108)=[ X,(108), X,(108)] to thereby provide the
S(t-10) to the second traceback module 550. The detailed
structure and operation of the second traceback module 530
will be illustrated later with reference to FI1G. SB.

The third traceback module 550 includes a first 4 input
MUX 551, a second 4 mput MUX 5353, a current state
selector 555, a third processing module 557 and a second
switch 559 and 1s provided with 4 determination vectors,
i.e., DVi(t-10) to DVi(t-13), wherein the DVi{t—(k-1)} has
an upper element X, {12(k-1)} and a lower element X, {12
(k-1)} and k is an integer ranging from 11 to 14.

The first 4 mput MUX 551 sequentially provides upper
clements of the provided determination vectors, 1.c.,
Xo(120), X,(132), X,(144) and X,(156), to the third pro-
cessing module 557; and the second 4 mput MUX 553
sequentially provides lower elements of the provided deter-
mination vectors, 1.e., X,(120), X,(132), X,(144) and
X,(156) , to the third processing module 557. At the kth
CONTROL signal, with k being an integer ranging from 11
to 14, the first and the second 4 mput MUX’s 551 and 553
respectively provide X,{12(k-1)} and X,{12(k-1)} to the
third processing module 557 and the third processing mod-
ule 557 calculates a previous state S(t-k) based on the
current state S{t—(k—1)} and a determination vector DVi{t-
(k-1) }=[ X {12(k-1)}, X,{12(k-1)}]. The detailed structure
and operation of the third processing module 557 will be
illustrated later with reference to FIG. 5C.

In the mean time, the second switch 559 feeds the
previous state S(t-k) back to the current state selector 555
for the kth CONTROL signal, with k being an integer
ranging from 11 to 13 and provides the previous state S(t-k)
to the fourth traceback module 570 for the kth CONTROL

signal, with k bemg 14.

The current state selector 355 is provided with the S(t-10)
from the second traceback module 530 and S{t—(k-1)} from
the second switch 559, at the kth CONTROL signal. When
the value of k 1s 11, the current state selector 555 selects the
S(t-10) to provide same to the third processing module 357;
and when the value of k ranges from 12 to 14, the current
state selector 555 selects the S{t—(k-1)} to provide it to the
third processing module 557.

The fourth traceback module 570 is provided with S(t-14)
from the second switch 559, at the 15th CONTROL signal;
determines a partial response decoded symbol [ X,(t-15),
X, (t-=15)] for the 16 state mode to provide the [ X,(t-15),
Xo(t=15)] to the first mode selector 590. The detailed
structure and operation of the fourth traceback module 570
will be 1llustrated later with reference to FIG. SD.

The first mode selector 590 1s provided with the maxi-
mum likelihood response decoded symbol [ X,(t—-10), X, (t-
10)] for the 8 state mode from the second traceback module
530 and the partial response decoded symbol [ X,(t-15),
Xo(t=15)] for the 16 state mode from the fourth traceback
module 570. If a mode selection signal MODE__SEL rep-
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resents the 8 state mode, the first mode selector 590 selects
the maximum likelihood response decoded symbol [ X, (t—
10), X,(t-10)] for the 8 state mode to provide same as
decoded data; and 1f the MODE__SEL represents the 16 state
mode, the first mode selector 590 selects the partial response
decoded symbol | X,(t-15), X,(t—15)] for the 16 state mode

to provide same as decoded data.

The detailed structures and operations of the first process-
ing module 5135, the second traceback module 530, the third

processing module 557 and the fourth traceback module 570
are described with reference to FIGS. SA to 3D.

Referring to FIG. 5A, there 1s 1llustrated a detailed block
diagram of the first processing module 515. The first pro-
cessing module 515 contains a first current state memory
515-1, a first 16 mput MUX 515-3, a second 16 1mnput MUX
515-5, a first previous state calculator 515-7 and a second
mode selector 515-9.

At the kth CONTROL signal, with k being an integer
ranging from 1 to 9, the first current state memory 515-1 has
a current state S{t—(k-1)}=[S,{t-(k-1)}, S, {t—(k-1)},
S {t—(k-1)}, Sy{t—(k-1)}] and a pair of elements of a kth
determination vector DVi{t-(k-1)}, i.e., X,{12(k-1)} and
X,{12(k-1)}, is provided to the first and the second 16 input
MUX’s 515-3 and 515-5 from the first and the second 9
mput MUX’s 511 and 513.

Since all states converge on a state by tracing back
themselves as far as the decoding depth according to a
traceback algorithm, 1t does not matter from which current
state the traceback 1s started. An imitial state for the
traceback, 1.e., the 1nitial value of the first current state
memory 515-1 of the first processing module 515 for the 1st

CONTROL signal 1s preferable to be assigned as [0, 0, 0, O}
for the current state S(t)=[S; t), S5(1), S,(1), So(1)].

Back to the case of the kth CONTROL signal, the first 16
input MUX 515-3 selects a bit X ,_; corresponding to the
current state S{t—(k-1)} among 16 bits of the X,{12(k-1)}
to provide the X, ,_; to a fourth exclusive OR gate(XOR__4)
in the first previous state calculator 515-7 and a fourth 2
input MUX(MUX4) 1n the second mode selector §15-9; and
the second 16 mput MUX 315-5 sclects a bit X, ,_; corre-

sponding to the current state S{t—(k-1)} among 16 bits of
the X, 112(k-1)} to provide the X, ,_, to a first exclusive OR

gate(XOR 1) and a third exclusive OR gate(XOR__3) in the
first previous state calculator 515-7.

Meanwhile, the first element S;{t—(k—1)} of the current
state 1s applied to a first exclusive OR gate(XOR__1) in the
first previous state calculator 515-7; the second element

S,{t—(k-1)} of the current state is applied to the XOR_3
and the third MUX(MUX3) in the second mode selector
515-9; the third element S,{t—(k-1)} of the current state is
applied to a second exclusive OR gate(XOR__2) in the first
previous state calculator 515-7 and the MUX4; and the
fourth element S,{t—(k-1)} of the current state is applied to

the XOR 2 and the XOR_ 4.

The first previous state calculator 515-7 determines the
previous state S(t-Kk) based on the current state S{t—(k-1)}
and the X, ,_; and the X, ;, ; tfrom the first and the second
16 mput MUX’s 515-3 and 515-5 by using the following
equations, wherein Eq. (3) is used for the 16 state mode
symbol and Eq. (4) is used for the 8 state mode symbol.
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3

S(I—k)=[53(f—k): Sz(f_k): Sl(‘t—k): SD(I_k)]

=[S3{t=(A=1) ;DX 41,5, {1-(k-1) jDSo{t=(Ak=1) }.So{t-(k=1) } Xo
1] Eq. (3);

S(I—k)=[52(f—k) :Sl (I_k):SD (I_k)]

=[So{t-(k=1) }BX, 4 1Xo 4 1DSoit-(k-1)}, S1{t=(k-1);]  Eq. (4).

The determined previous state S(t-k) is provided to the
second mode selector 515-9. The second mode selector
515-9 has 4 number of 2 mmput MUX’s, wherein each of the
4 number of 2 input MUX’s has two mput terminals, 1.€., 16
state and 8 state input terminals. The 16 state terminal of
cach 2 mput MUX receives a 16 state input signal, while the
8 state input terminal thereof receives an 8 state input signal.

Specifically, a first 2 input MUX(MUX1) is provided with
the output of the XOR__1, i.e., S;{t-(k-1)}@X, ,_, for the
16 state mput signal and “0” for the & state mput signal; a
second 2 input MUX(MUX2) is provided with the output of
the XOR_2,1i.¢., S;{t-(k-1)}PS,{t—(k-1)} for the 16 state
input signal and the output of the XOR__3, i.e., S,{t—(k-1)
1®X, 4_; for the 8 state input signal; the MUX3 is provided
with the S,{t—(k-1)} from the first current state memory
515-1 for the 16 state input signal and the output of the
XOR_4, ie., Xy, 1PSo{t-(k-1)} for the 8 state input
signal; and the MUX4 1s provided with the X, ,_; from the
first 16 1nput MUX 515-3 for the 16 state input signal and
S, {t—(k-1)} from the first current statc memory 515-1 for
the 8 state input signal.

If the MODE SEL indicates the 16 state mode, each
MUX of the second mode selector 515-9 selects the 16 state
input signal so that the second mode selector 515-9 provides
a previous state S(t-k)=[S;(t-k),S,(t1-k),S,(1-k),S,(t-k)]=
[SB{t_(k_l)}@Xlkk-pSl{t_(k_l)}@so{t_(k_l)}a Sz{t_(k_
1)}.Xo x_1)] for the 16 state mode; and if otherwise, each
MUX thereof selects the & state input signal so that the
second mode selector 515-9 provides a previous state S(t—
K)=[S(1-K), S,(1-K), So(t—k)J=[S{t-(k=1)}BX, 4y, Ko
1PS,{t-(k-1)},S,{t—(k-1)}] for the 8 state mode.

The previous state S(t—k) outputted from the second mode
selector 515-9 1s provided to the first switch 517.

Referring to FIG. 5B, there 1s depicted the detailed block
diagram of the second traceback module 530. The second
traceback module 3530 includes a second current state
memory 3530-1, a third 16 mput MUX 530-3, a fourth 16
mput MUX 530-5, a second previous state calculator 530-7
and an 8 state mode symbol memory 3530-9, wherein the
function and the operation of the second current state
memory 3530-1, the third and the fourth 16 1mnput MUX’s
530-3 and 530-5 and the second previous state calculator
530-7 are similar to those of the first current state memory
515-1, the first and the second 16 input MUX’s 515-3 and
515-5 and the first previous state calculator 515-7.

At the 9th CONTROL signal, the second current state
memory S530-1 1n the second traceback module 330 is
provided with a current state S(t-9)=[S;(t-9), S,(t-9), S,(t-
9), S5(t-9)] and a pair of elements of a 10th determination
vector DVi(t-9), i.e., X(108) and X,(108), is provided to
the third and fourth 16 1nput MUX’s 530-3 and 530-5. The
third 16 1nput MUX 530-3 sclects a bit X, , corresponding
to the current state S(t—9) among 16 bits of the X,(108) to
provide the X, ; as an upper element X (t-10) of an 8 state
mode decoded data to the 8 state mode symbol memory
530-9 and as a fourth element S,(t—10) of the previous state
S(t-10) to the current state selector 555 in the third trace-
back module 550; and the fourth 16 input MUX 3530-5
selects a bit X, , corresponding to the current state S(t-9)
among 16 bits of the X;(108) to provide the X, , to a fifth
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exclusive OR gate(XOR__5) in the second previous state
calculator 530-7 and as a lower element X,(t—10) of the 8
state mode decoded data to the 8 state mode symbol memory

530-9.

Meanwhile, the first element S;(t-9) of the current state
is applied to the XOR__5; the second element S,(t-9) of the
current state is applied as a third element S,(t-10) of the
previous state S(t—10) to the current state selector 555 in the
third traceback module 550; the third element S,(t-9) of the
current state is applied to a sixth exclusive OR gate(XOR__

6); and the fourth element S (t-9) of the current state is
applied to the XOR__6.

The second previous state calculator 530-7 determines the
first and the second elements of the previous state S(t—10),

i.e., S5(t-10) and S,(t-10), for the 16 state mode based on
the current state S(t-9) and the X, , from the fourth 16 input
MUX 530-5 by using Eq. (3). The first and second elements
S,(t-10) and S,(t-10) determined at the second previous
state calculator 530-7, the third element S,(t-10) from the
second current state memory 530-1 and the fourth element

So(t—10) from the third 16 input MUX 530-3 are provided to
the current state selector 555 1n the third traceback module
550. And, the 8 state mode symbol memory 530-9 provides
the X,(t—-10) and X,(t-10) to the first mode selector §90 as
the 8 state mode decoded data.

Referring to FIG. 5C, there 1s provided a detailed block
diagram of the third processing module 557. The third

processing module 557 contains a third current state
memory 557-1, a fifth 16 input MUX 557-3, a sixth 16 1nput

MUX 557-5 and a third previous state calculator 557-7.

At the kth CONTROL signal, with k being an integer
ranging from 11 to 14, the third current state memory 557-1
has a current state S{t—(k-1))}=[S;{t—-(k-1)}, S, {t—(k-1)},
S {t—(k-1)}, S {t—(k-1)}] and a pair of elements of a
determination vector DVi{t—(k-1)}, ie., X,{12(k-1)},
X,{12(k-1)}, is provided to the fifth and the sixth 16 input
MUX’s 557-3 and §57-5 from the first and the second 4
mput MUX’s 551 and 553.

The fifth 16 mmput MUX 857-3 selects a bit X, ,_; corre-
sponding to the current state S{t—(k—-1)} among 16 bits of
the X,112(k-1)} to provide the X, ,_; to the second switch
559 as a fourth element S(t-k) of the previous state S(t—k);
and a sixth 16 mput MUX 557-§ selects a bit X, , ;
corresponding to the current state S{t—(k-1)} among 16 bits
of the X,{12(k-1)} to provide the X,, ; to a seventh
exclusive OR gate(XOR__7) in the third previous state
calculator 5587-7.

Meanwhile, the first element S {t—(k—1)} of the current
state 1s applied to the XOR__7 1n the first previous state
calculator 557-7; the second element S.{t-(k-1)} of the
current state 1s applied to the second switch 559 as a third
element S,(t-k) of the previous state S(t-k); the third
element S,{t-(k-1)} of the current state is applied to an
eighth exclusive OR gate(XOR__8) in the third previous
state calculator 557-7; and the fourth element S, {t—(k-1)}
of the current state 1s applied to the XOR__8.

The third previous state calculator 557-7 determines the
previous state S(t-k) based on the current state S{t—(k—1)}
and the X, ,_; and the X, ;,_; from the fifth and the sixth 16
input MUX’s 557-3 and 557-5 by using Eq. (3). The first and
second elements S;(t-k) and S,(t-k) determined at the third
previous state calculator 557-7, the third element S, (t-k)
from the third current state memory 3557-1 and the fourth
element S, (t-k) from the fifth 16 input MUX 557-3 are
provided to the second switch 559 1n the third traceback
module 550.

Referring to FIG. 5D, there 1s shown the detailed block
diagram of the fourth traceback module 570. The fourth
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traceback module 570 includes a fourth current state
memory 3570-1, a seventh 16 mput MUX 570-3 and a 16
state mode symbol memory 570-5.

At the 15th CONTROL signal, the fourth current state
memory 570-1 is provided with a current state S(t—14)=[S;
(t-14), S, (t-14), S,(t-14), S(t-14)] and a lower element of
a 15th determination vector DVi(t-15), 1.e., X,(168), is
provided to the seventh 16 mput MUX 570-3. The seventh
16 mput MUX 570-3 selects a bit X, ,, corresponding to the
current state S(t-14) among 16 bits of the X,(168) to
provide the X, ., to the 16 state mode symbol memory
570-5 as a lower element X, (t-15) of a 16 state mode
decoded data.

Meanwhile, the fourth element of the current state, 1.e.,
So(t-14), is applied to the 16 state mode symbol memory
570-5 as an upper element X, (t—-15) of the 16 state mode
decoded data. The 16 state mode symbol memory 570-5
provides the X,(t-15) and X,(t-15) to the first mode selector
590 as the 16 state mode decoded data.

As described above, the present invention provides an
improved traceback processor, for use 1n a trellis decoder,
which 1s constructed with a reduced number of processing

modules and operates based on the CONTROL clock rather
than the conventional clock, thereby achieving a significant
reduction 1n processing time as well as the manufacturing
cost or complexity of the device. Since the traceback pro-
cessor operates based on the CLOCK which 1s 16 times
faster than the conventional clock, the traceback process can
be performed 1n one conventional clock. Therefore, the
number of processing module 1s reduced down and the total
time needed to traceback does not increase.

Although 1t 1s explained only for the case when the
decoder selectively performs either of the 8 state mode and
the 16 state mode decodings, the present invention 1s appli-
cable to other cases when the decoder selectively performs
cither of arbitrary two state mode decodings.

While the present invention has been described with
respect to certain preferred embodiments only, other modi-
fications and variations may be made without departing from
the spirit and scope of the present invention as set forth in
the following claims.

What 1s claimed 1s:

1. A traceback processor of a survivor memory unit for
use 1 a trellis-coded modulation decoder, wherein the
survivor memory unit includes a data delay processor and
the traceback processor, the data delay processor provides
determination vectors 1n parallel and the traceback processor
selectively provides one of an N1 and an N2 state mode
decoded symbols during M number of CONTROL signals,
a decoding depth corresponding to the N1 state mode
decoded symbol being D1, a decoding depth corresponding
to the N2 state mode decoded symbol being D2, N1 being
a positive 1teger, N2 being an integer larger than N1, D1
being a positive 1nteger, D2 being an integer larger than D1
and M being an integer larger than D2, the traceback
Processor comprising:

a first traceback module, based on an 1th CONTROL

signal, for sequentially selecting an 1th determination
vector, 1teratively calculating an N1 state mode 1th
previous state by using an N1 state mode (1-1)st
previous state mode and the 1th determination vector
and an N2 state mode 1th previous state by using an N2
state mode (1—1)st previous state and the ith determi-
nation vector, and providing one of an N1 state mode
(D1-1)st previous state and an N2 state mode (D2-1)st
previous state, based on a mode selection signal,
wherein 1 being an integer ranging from 1 to (D1-1)
and a Oth previous state being an arbitrary state;
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a second traceback module, based on a (D1)th CONTROL
signal, for providing the N1 state mode decoded sym-
bol and a N2 state mode (D1)th previous state, by using
the (D1-1)st previous state from the first traceback

module and the (D1)th determination vector;

a third traceback module, based on a jth CONTROL
signal, for sequentially selecting the jth determination
vector, iteratively calculating the N2 state mode jth
previous state by using the (j—1)st previous state and
the jth determination vector, and providing a N2 state
mode (D2-1)st previous state, j being an integer rang-
ing from (D1+1) to (D2-1);

a fourth traceback module, based on a (D2)th CONTROL
signal, for providing the N2 state mode decoded sym-
bol by using the N2 state mode (D2-1)st previous state
and a (D2)th determination vector; and

a first mode selector, based on the mode selection signal,
for selectively providing one of the N1 state mode
decoded symbol from the second traceback module and
the N2 state mode decoded symbol from the fourth
traceback module.

2. The traceback processor of claim 1, wherein the first

traceback module includes:

a set of two (D1-1) input multiplexors, based on the ith
CONTROL signal, for sequentially providing an upper
clement and a lower element of the ith determination
vector, respectively;

a first processing module for providing one of the N1 state
mode 1th previous state by using the N1 state mode
(i-1)st previous state and the upper elements of the ith
determination vector and the N2 state mode 1th previ-
ous state by using the (i—1)st previous state and the
lower and the upper elements of the ith determination
vector; and

a first switch for providing the ith previous state from the
first processing module back to the first processing
module when 1 ranges from 1 to (D1-2) and providing
the 1th previous state from the first processing module
to the second processing module when 1 1s (D1-1).

3. The traceback processor of claim 2, wherein the third

traceback module includes:

a set of two (D2-D1-1) input multiplexors, based on the
jth CONTROL signal, for sequentially providing an
upper element and a lower element of the jth determi-
nation vector, respectively;

means for selectively providing the D2 state (j—1)st
previous state from the second traceback module to a
second processing module when j is (D1+1) and the D2
state (j—1)st previous state from the third processing
module back to the second processing module when
ranges from (D1+2) to (D2-1);

the second processing module for calculating the D2 state
jth previous state by using the D2 state (j—1)st previous
state and the lower and the upper elements of the 1th
determination vector; and

a second switch for providing the N2 state mode jth
previous state from the third processing module to the
selectively providing means when j ranges from (D1+
1) to (D2-2) and providing the N2 state mode jth
previous state from the third processing module to the
fourth processing module when j is (D2-1).

4. The traceback processor of claim 3, wherein the first

processing module contains:

a first state memory for storing one of the N1 state mode
(i-1)st previous state and the N2 state mode (i—1)st
previous state;
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a first set of two D2 input multiplexors, based on the
(i-1)st previous state from the first state memory, for
selecting a bit from each of the upper and the lower
clements of the ith determination vector, respectively;

a first previous state calculator for calculating the N1 state
mode 1th previous state by using the N1 state mode
(i-1)st previous state from the first state memory and
the bits selected by the first set of the two D2 input
multiplexors and the N2 state mode ith previous state
by using the N2 state mode (i—1)st previous state from
the first state memory and the bits selected by the first
set of the two D2 input multiplexors; and

a second mode selector for providing the N1 state mode
(D1-1)st previous state to the second processing mod-
ule when the mode selection signal indicates the N1
state mode and providing the N2 state mode (D1-1)st
previous state to the second processing module when
the mode selection signal 1indicates the N2 state mode.

5. The traceback processor of claim 4, wherein the second

traceback module contains:

a second state memory for storing the (D1-1)st previous
state,

a second set of two D2 mput multiplexors, based on the
(D1-1)st previous state, for selecting a bit of each of
the upper and the lower elements of the (D1)th deter-
mination vector, respectively;

a second previous state calculator for calculating a N2
state mode (D1)th previous state by using the (D1-1)st
previous state and the bits selected by the second set of
the two D2 mput multiplexors thereby providing the N2
state mode (D1)th previous state to the second trace-
back module; and

means for providing the bits selected by the second set of
the two D2 input multiplexors as the N1 state mode
decoded symbol to the first mode selector.
6. The traceback processor of claim §, wherein the second
processing module contains:

a third state memory for storing the (j—1)st previous state;

a third set of two D2 input multiplexors, based on the
(j—1)st previous state, for selecting a bit of each of the
upper and the lower elements of the jth determination
vector, respectively; and

a third previous state calculator for calculating a N2 state
mode jth previous state by using the (j—1)st previous
state and the bits selected by the second set of the two
D2 input multiplexors and providing the N2 state mode
jth previous state to the second switch.

7. The traceback processor of claim 6, wherein the fourth

traceback module contains:

a fourth state memory for storing the (D2-1)st previous
state,

a D2 input multiplexor, based on the (D2-1)st previous
state, for selecting a bit of the lower element of the
(D2)th determination vector; and

means for calculating N2 state mode decoded symbol by
using the (D2-1)st previous state and the bit selected
by the D2 1mnput multiplexor and providing the N2 state
mode decoded symbol to the first mode selector.
8. The traceback processor of claim 7, wherein N1 is 2°
and N2 is 25+,

9. The traceback processor of claim 8, wherein N1 1s 8,
N2 1s 16, D1 1s 10, D2 1s 15 and M 1s 16.

10. The traceback processor of claim 9, wherein the 16
state mode (k)th previous state and the 8 state mode (I)th
previous state are respectively calculated by using the fol-
lowing equations:
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Slﬁ(f—k)=[53(f—k): S,(t=k), S,(t-k), SD(r_k)]=[SS{I_(k_1)}$X1,k:
S1{t-(k=1) YOSt = (k-1) 554~ (k—1) . X 4]

wherein S*°(t-k) denotes the 16 state mode (k)th previous
state; k, a positive integer not larger than 15; S;(t-k) to
So(t=k), a first to a fourth element of the 16 state mode (k)th
previous state; S, {t—(k-1)} to S {t—(k-1)}, a first to a fourth
element of the 16 state mode (k—1)st previous state; X, , and
X, 1 selected bits respectively from an upper and a lower
elements of the (k)th determination vector; and €, an
exclusive OR operator; and

14
SP(=1)=185(¢-1).8, (t=1),50 (- D) J=[So{ - (1-1) }BX 4, Xo BSo{t-(I-
1}, Sie-(1-1)5]
wherein S®(t-1) denotes the 8 state mode (1)th previous state;
1, a positive integer not larger than 10; S,(t-1) to S,(t-1), a
first to a third element of the 8 state mode (1)th previous
state; S,{t—(1-1)} to Sy{t—(1-1)}, a first to a third element of
the 8 state mode (1-1)st previous state; X, ; and X, ,, selected

bits respectively from an upper and a lower elements of the
(Dth determination vector; and €3, an exclusive OR operator.
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